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AD7A1TCE CCHFTDiilmAL'' HEP 02 T 
WniD-TUKTEL IHVE5TIC-ATI0IT 07 AILSHCI'TS 
Oil A LOW- DRAG AIRFCIL 
I ~ THE EFFECT OF AILERON PROFILE 
By Robert ii. Crane and Ralph W. Eoltzclaw 

SUMMARY 

An investigation uas made in the A.-nes Aeronautical 
Laboratory 7- by IG-foot ^vind tunnel of the effect^ of 
various raodif icat i ons to the profile of a O.^^O-chord 
plain sealed aileron and a 0.15-chord plain sealed aile- 
ron on an ilACA S6, 2-213 (a = 0.6) airfoil. Aileron'pro- 
files tested consisted of one profile conforming to the 
normal HACA 66,2-216 (a = 0.6) ordinator.; a profile con- 
sisting of straight-line su-faces from the trailing edge 
to the hinge-line ordinates; an int er.medi at e thickened 
profile; and a profile thinned below the nor-mal nirfoil 
ordinates, 

'Thickening of the aileron orofile v/as found to reduce 
the aileron ef f ec t i venas s , reduce the slope of the win^^ 
section lift curve, and reduce the hinge-moment coefficient-, 
Thinning the profile had the opposite effect. The effects 
01 profile on the aileron characteristics decreased ^^it^ 
increasing angle of attack, there being practically no " 
effect at an angle of attack of l2°. Thickening the "oro- 
file caused a slight increase in minii^um r)rof ile-drag' co- 
eilicient, but thinning the profile had no effect. 

+ n nit demonstrated that deviations of the order of 
._ u.uU5c_^ from the specified profile on the ailerors of n 
F^nA airplane can cause ^--tick^f or ce variations 

"f Tvnn' ^ ^^''^"'^ '^t indicated air- 

speed of 300 miles per hour. It is also shov.'n that the 
danger oi overbalance at small deflections of close] v"bai, 
anced ailerons can be diminished by thickening of the ailer« 
on profile if the internal-balance chord is simultaneously 
reduced to maintain the same stick force for a large ratp of 
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IJITHODTJCTION 

Vith uvery increaee in size and speed cf ffiodern hi^h- 
perf orir.an,^e airplanes, the probleiri of attaining adequate 
lateral control withont excessive control forces "becomes 
less aiacna-ble to solution "by simple aerodynamic balancing 
nethods. Of the various methods of aerodyaamic balance 
available, one of the cost efficient is the sealed internal 
nose balance. However, sufficient control lightness fre- 
quently cannot be satisfactorily attained by the use of an 
internal nose balance alone. The necessary balance inay be 
30 large that the required control-surface deflect ioa can- 
not be attained, or structural necessities of the c.ain sur- 
faces ray be such that adequate balance cannot be incor- 
porate'^ in the desi^^n, Aileron profile offers an independ- 
ent means of adjusting aileron hingo moments without the 
additional linkages and loss in effectiveness associated 
w.ith a balancing: tab. Aileron profile also offers a con- 
venient means of adjufcting the ai leron. c on tr ol. cha rac ter- 
istics of an existing ins-tall-t ion without the structural 
modifications required by chang.s of aileron plan form or 
aerodynamic nose balance. The efficacy of pr of il a "'/ar iat ion s 
in modifying- aerodynamic characteristics, and the consequent 
necessity cf fabricating to close tolerances, must be appre- 
ciated when it is desired to obtain specified aileron- charac- 
teristics on any one airplane. or to maintain a reasonable 
constancy of characteristics in a number of airplanes of the 
same design. 

The purpose, of the t..>.sts reported herein was to , provide 
quantitative data on the effect of aileron profile vari?,.tions 
and to form a logical basis for the specification of aileron 
tolerances. 



KO£EL- Aim. APP/^ATUS 
Model 



The airfoil used in these t.ests was constructed of 
laminated mahogany to the IIACA f 6. 2-316 (a = O.f) profile 
of 4-.foot chord and 5-foot span. The sirfoil ordinates are 
given in table I. The aft C.35 chord of the airfoil was 
made removable to allow the testing of ailerons of various 
chords. A soli, trail ing-edge section was constructed and 
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this section and the main airfoil v/ere eq-uipyed with a 
sin,;le row of pressure orifices "built into the upper and 
lower surfaces of the airfoil at the midspan septicn. 
Those orificds were located on the modal as listed in 
tatle II. The ailerons were constructed of laminated 
mahogany and had a nose-gap seal of dental ruhhsr dam. 
The aileron ordinates o.re given in tahle III. The 
ordinates of the normal-profile aileron are the same as 
the corr esTDonding ordinates of the ITACA 6b,2-Sl6 (a - 
0.5) airfoil. The details of the ailerons, and the modific- 
ations tested, are shewn in figures 1 and 2. 

TZIST IHSTALLATIOH 

The r.irfoil was mounted vertically in the test section 
of the 7- hy 10-foot wind tunnel Ho. 1, as shov.'n in the 
photogra^Vns of figure 3. End plates were fastened to the 
5-foot-span section. Pairin-s of the sane airfoil section 
as the wing were attached to the tunnel-floor and ceiling 
turntahles 'and were uned to shield the connection between 
the model and the halanco frame. These fairin^^s were not 
equiT)ped with ailerons. Provisions were made for chanf^ing 
the angle of attack and the aileron angle while the tunnel 
was in operf>tion. Aileron hinge monents were measured hy 
meanr. of electrical resistance-type strain gages which were 
mounted on a momher which restrained the toraue tuhe of the 
aileron from rotation, 

COEFJICISITTS Airo CCHHSCTIOi'S 

The coefficients used in the presentation of results 
follow, 

airfoil section normal-force coefficients (n/qc) 

airfoil section lift co.efficiont (z/qc) 

airfoil section profile-drag coefficient (do/^ic) 

airfoil section -Ditching-moment coefficient (m/qc^) 

aileron section hinge-momnnt coefficient (h/qCg^^) 

p/q, internal static pressure, at ailsron. nose divided "oy 

dynamic preFsu.re (See fig. 1.) 



Cn 
Ch 
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Ac^ increment of due to defloctin.g the aileron 

from neutral 

Aci ' of down aileron minus of up aileron 

AC(i^ increment of c^^^ due to dflectin^-^ the aileron 
f r om neutral 

Acvj^ increment of cj^ f^'^-^ to deflecting the aileron 
from neutral 

Ach' ^h "^P aileron minus c-^ of down aileron 

AP/q increment of pressure coefficient across aileron 
nose seal (pressure below seal minus pressure 
above seal divided "by dynamic pressure) 

where 

n airfoil section normal force 

\ ai rf 0 i 1 s e ct i on 1 if fc 

do airfoil section profile drag 

m airfoil section pitching moment about quarter-chord 

ofairfoil 

.h aileron section hinjei^e miom. ent 

C chord of airfoil with aileron neutral 

Cq^ chord of aileron aft of aileron hin^^^e line 

q dynamic pressure of air stream {l/2pY^) 

V free— stream velocity 

In addition to the above, the following symbols are em.ployed 

an^rle of attack for airfoil of infinit-j aspect ratio 

5a aileron deflection v/ith respect to the airfoil 

d increment a.bove the normal profile of the upper and 

lower surface ordinates of the modified aileron 
profiles at 0,5cg^ 
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b v/ing span of assumed airplane 

Vj_ indicated airspeed, miles per hour 



p rate of roll, radians per second 
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The subscripts outside the parentheses represent the 
factors held constant during the measures: ent of the param- 
eters. 

The lift coefficient, profile— drag coefficient, and 
pi tching— iaoment coefficient have been corrected for tun- 
nel— v/all effects. Section profile drag was determined by 
measurement of loss of momentum in the wing wake. A com- 
parison of force— test and pr e s sur e— di s t r i but i on measure- 
ments of section. lift coefficient and section pitching— 
moment coefficient indicated that the end plates had no 
effect on these coefficients with aileron neutral, 2To 
corrections have been.applied to section hinge— moment co- 
efficients and no end— plate correction has been applied 
to ^^i* Because of possible tip losses, it is believed 
that the measured aileron effectiveness is slightly low 
and rates of roll computed from these data will be con- 
servative. By comparison of these data with section . data 
on a similar airfoil (reference 1), it is -estimated that 
the maximum decrease in measured Ac^ due to this effect 
is not more than 12 percent. 



TESTS . 

For each of the aileron— prof ile modificati ons, two 
series of-te.sts were miade. The first series obtained 
aileron" characteristics at the highest Reynolds num.ber 
obtainable (9,000,000) at five angles of at tack (--4^ , -2^ , ' 
0^, 2^, and 4^). A second series at angles of attack of 
00, 4^, 8^, and 12^ was run at a reduced' Reynolds- num:ber • 
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(3,800,000). With the aileron neutral, section charac- 
teristics v/ere o"btained at a Reynolds number of 8,200,000, 
Section profile— drag coefficients were obtained v;ith the 
aileron neutral, at the ideal lift coefficient (ci - 0.21) 
over a Reynolds number range of 3,000,000 to 10,000,000. 



RESULTS a:^D Discussion 



Basic sec tion data ,— The basic section data, with 
aileron deflected and aileron neutral, are presented in 
figures 4 to 14. These data may be utilized to predict 
the section characteristics of ailerons with any amount of 
internal nose balance by means of the eq[uation 



(^hU ^h + ^^'/^ 



R' 



where 



(c^)^ aileron section hin^re— moL:ent coefficient of 
aileron v/ith scaled internal nose balance 

aileron section hinge— mOL^ent coefficient of 
plain aileron 

B nose balance (expressed as fraction of c ) 

a ' 

R nose radius of plain aileron (expressed as 

fraction of c ) 
a ' 

V/hilo these basic data are useful for purjpcses of. 
aileron design, the prediction and comparison of the 
effects of aileron profila on section characteristics may 
be more conveniently demonstrated by means of section 
parameters. For this purpose plots showing the relation 
of various coefficients and parameters to other independ- 
ent variables have been prepared. 

Aileron ef f ect ivene s s,- The effect of the profile 
variations on the ai 1 er on-^-ef f ec t i vene s s parameter 
('da/od>^)c^ and c. is shown in figures 16 to 18. It 

'5 a 

will be noted that the value of the former quantity for 
the normal-profile aileron, at a Reynolds number of 
9,000,000, is about 71 percent of that which would be 
predicted from thin-airfoil theory, and about 90 percent 
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of the value obtained on the i^TACA 0009 airfoil (reference 
2), Thickening the aileron profile reduces the aileron 
effectiveness, and thinning the profile increases it. 
The change in the effectiveness is very close to a linear 
function of d (figs, 17 and 18). 

Aileron profile has a similar influence on effec- 
tiveness at the higher aileron deflections v/here the flow 
over the aileron has separated. Figures 19 and 20 present 
the total available due to ±10° and ±15° of 

aileron deflection plotted against angle of attack. At 
moderate angles of attack thickened profiles give the lower 
effectiveness values; thinned profiles give the higher. 
However, differences due to profile decrease at the higher 
angles of attack and at an of 12° there is only a 

minor variation in Ac-^^ available for the various a.ileron 
profiles. The Ac^ * available under these extreme condi- 
tions of angle of attack and aileron deflections is about 
41 percent of the Ac^ ' predicted on the assumption of 
thin-airfoil effectiveness (that is, by using the Oa/b6^ 
relationship from reference 3 and using a value of c^ 
of 2tt/57.3), This value holds within 2 percent for ^ 
.both the 0,15— chord ailerons and the 0.20— chord ailerons 
and for all the profile- variations; 

To determine the effect of c ontrol— surf ace profile on 

the aileron effectiveness of a typical installation, these 

data have been applied to the prediction "of the aileron 

control characteristics of a modern pur sui t airplane. The 

airplane data necessary for the calculations are presented 

in table IV, The calculations have been made assuming 

zero sideslip of the airplane and no torsional deflection 

of the wing. The effect of aileron profile on c. has 

a 

been included in determination of *^Ip> ^^'^ damping- 
moment coefficient due to rolling. The' calculation varia- 
tion of pb/2V with total aileron deflection for the 
various aileron profiles is presented in figures 21 and 
22 for indicated airspeeds of 300 and 120 miles per hour. 
Examination of these figures reveals that the aileron 
effectiveness at low speeds is little influenced by aileron 
profile. Thus, the size and the total deflection for an 
installation of given effectiveness v/ill be^ unchanged by 
control-surface profile modifications, 

AAji^j!_°-"^ hinge moment s^- The variation of c^ with 
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c on tr ol— surf ace chord is shown in figure 2Z , and a compar- 
ison is afforded with the variation predicted from thin- 
airfoil theory and that measured on an NACA 0009 airfoil 
(reference 2). The value of c^^^ for the normal— prof ile 

a 

aileron, at a Heynolds numoer of 9,000,000, is about 58 
percent of the value predicted "by thin— airfoil theory and 
ahout 82 percent of the measured value for the KACA 0009 
airfoil. 

The aileron hinge— moment parameters Cv. a,nd cu 

are plotted in figures 17 and 18 as functions of d. The 
curves indicate- that both of these parameters vary approx- 
imately linearly with d, increasing algebraically as d 
is increased, A similar relationship has been established 
by reference 4, The value of (Sc2^/ba)5^ varies v/ith 

angle of a.ttack and aileron deflection^ At small angles 
of a-ttack and zero aileron deflection, there is a linear' 
relationship between (&C]^/ca)§ -q and d. The value of 

( &c>^/ ca) 5^^- 0 i^ this region varies between —0, 0087 for 

d =-.0. OlCg^ and 0. 0024 for d = 0. 02c^. At angles of 

attack greater than 6^, (^^h/^^)6a=0 an approximately 

constant value of —0,010 irrespective of aileron profile. 
At. low angles of attack and extreme aileron deflections, 
the effect of aileron profile on (oC]^/ba)g^ becomes less 

less apparent, Data obtained v/ith the straight— s ided 
aileron at low angles of attack (fig, 8) indicate that at 
zero aileron deflection (oCh/Sa)^^ is positive, at ailer- 
on deflections of -12^ and 6° the value of (ocj^/oa)5^ is 

zero, and at larger aileron deflections its value becomes 
negat ive. 

The variation of total Acj^ » due to ±15^ of aileron 
deflection with angle of attack is presented in figures 
24 and 25. The value of ACj^» decreases as d is in- 
creased, but at large angles of attacl^ the effect of pro- 
file is very small. 

The data of figures 17 and Is have been plotted in 
figures 26 and 27 as hinge— moment parameters against lift 
parameters. These curves show the relative dependence of 
the aileron hinge mojaents on the aileron effectiveness and 
on the slope of the wing section lift curves. In addition 
to the d^ita shov/n for the ailerons of the present investi- 



gation, experinental points are included fron data 
obtained for a series of O.SCuchord ailerons with thick- 
ened and beveled trailing edges. The small deviation of 
the experiiVien tal points fron the mean curves indicates 
that the relationships indicated are not influenced by 
the chordwise distribution of thickness of the control- 
surface profile. An experimental point is also presented 
from data obtained on an NACA 0009. airfoil (reference 2) 
v/hich indicates that for the same effectiveness, similar 
hinge moments may be anticipated for ailerons on an FaCA 
66,2—216 (a = 0.6) airfoil as are experienced on ailerons 
on an NACA 0009 airfoil. A similar agreement between the 
subject data and the ilACA 0009 data does not exist for 
^ha ag^'i^st ci^. 

Since the effect of aileron profile on AP/q is 
small, the hinge— moment coefficients of ailerons with 
internal nose balance will exhibit aileron profile effects 
similar to those observed on the plain ailerons. As sep- 
aration occurs over the aileron at large deflections, 
there is an abrupt loss in P/q over the suction side of 
the control (side opposite the deflection). This loss 
accounts for the nonlinearity of the curves of AP/q 
against 5^ (figs. 5 to 12). It is this reduction in 
AP/ q v;hich causes the nonlinearity of hinge— mor.ent curves 
of ailerons v;ith large am.ounts of internal nose balance. 

Figures 23 and 29 illustrate the changes in control- 
force characteristics v;hich result from small changes in 
aileron profile. The variation of stick force with pb/SY 
for a typical modern pursuit airplane equipped with 0.20- 
chord ailerons with 0.534Cg^ internal nose balance is pre- 
sented in these figures for indicated airspeeds of 300 
and 120 miles per hour. At the higher speed, a decrease 
of 0. 0C9Cq^ in the aileron ordinates at 0.5Cq^ reduces the 
pb/2Y obtainable with a 3CUpound stick force from 0.03 to 
0.056 and more than doubles the stick force for a pb/2V 
of 0.03. Increasing the riidchord ordinates of the aileron 
0. OOOQCg, changes the stick force from 8 pounds to an over- 
balance of 7 pounds at a pb/2V of 0.05. Since results 
of overbalance are likely to prove catastrophic in a high-* 
speed dive, due to the ailerons taking control, every 
effort should be r-ado to m^aintain manufacturing tolerances 
and a^llowable surface deformations at a value v/hich would 
preclude the occurrence of this condition. 



Th'e possible use of aileron profile changes to obtain 
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desired stick— force chr-r ac t er i s t ic s is illustrated "by fig- 
ures 30 and 31. Control— force characteristics are shown 
for a typical modern pursuit airplane equipped v/ith 0,20— 
chord ailerons. The airplane data necessary for the cal- 
culations a.re presented in table IV, Bach aileron was 
assumed to have an internal nose balance such ti^at a. pb/2T 
of 0,08 can be obtained with a 30-pound stick force at an 
indicated airspeed of 300 miles per hour^ It will be ob- 
served that the thin— profile aileron Which is closely 
enough balanced to satisfy the 30— pound stick— force limi- 
tation at high speed is overbalanced 4 pounds at a 'pb/2V 
of 0,035, As the aileron profile is thickened, the control- 
force gradient becomes more positive, and the linear range 
of the gradient is extended to larger values of pb/2V, 
The primary problem of a iler on— balance design is to make 
the control ligh''; enough at very h .f^peed v/hile avoiding 
cverba,lance i n any part of the deflscb.. :?n range, and 
retaining sufficient feel at low speeds^ The danger of 
overbalance can be minimized by the attainment of a linear 
variation of control force v;ith pb/2V at high speeds. 
The nonlinear'ity of the hinge— moment curves of ailerons 
designed with internal nose balr_,nce p:-:*ovents the realiza- 
tion of this ideal condition, but aileron profile offers 
a limited means of controlling the value and the linear 
range of this concrol--f orce grrdient. These effects of 
aileron profile on c cat ro 1— f or c e gradients are due mainly 
to two causes: the reduction in the amount of nose ba,l— 
ance required by the cliickened aileron profiles, v/ith the 
consequent reduction in the non] :i near ity of the hinge- 
moment curves of the balanced ailerons; a.nd the presence 
of an unfavorable response characteristic (positive 
(bc^/6a)g^) at loir aileron deflections (where an increase 

in stick force is desired), vrith favorable response at 
high aileron deflections (where a decrease in stick force 
is desired). This effect of response on control-force 
gradient is illustrated by figure 32, presenting the vari- 
ation of Acj^* and Ac-^' for the static condition and 

for the dynamic rolling condition of the assumed pursuit 
airplane. 

The effect of aileron chord on the control-force 
characteristics can be obtained by a comparison of the 
control-force char ac i; .d?' 1 s t ic s of the O.SO-uhord and 0,15- 
chord ailerons of no.i-mal and straight-o3.ded profile. In 
all cases wnere the tvro ailerons are designed for the 
same high-speed stick force at a pb/2V of 0.03, the 
0,2&-chcrd ailerons produce a more nearly linear variation 
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of stick force with pb/SV than can be acquired with the 
0,15-chord aileron. Figure 33 presents the variation of 
stick force with pt/SV when the ailerons are designed 
for a 30-pound stick force for a pb/SV of 0,08 on a 
typical pursuit airplane at an indicated airspeed of 300 
miles per hour. The reduction in c ontrol— surf ace chord 
results in a 20-pound decrease in the stick force for an 
aileron of normal profile and a 5-pound decrease in the 
stick force for an aileron of straight-sided profile for 
a pb/2V Of 0.05. 

lifi-,.— The variation of c n with d is shown in 

CO 

figures 17 and 18. ' These curves indicate that c^^ 

varies appr oxinately linearly with d^ decreasing as d 
is increased. 

Pitching moment.,- Thickening the aileron profile 
caused an increase in (^^ni/^^Oc -.a corresponding to a 

^ a~ ^ 

fo'rv/ard shift of the aerodynamic center. This is" shown 
in figtires 13 and 14, 

Dra^^— Figure 15 presents the variation of section 
profile-drag coefficient with Reynolds number at the 
ideal section lift coefficient (c; - 0,21). Thi'nning 
the aileron profile had no effect on the section profile- 
drag coefficient, but thickening the profile to straight- 
sided caused an increase in c^^ of 0. 0004 for the 0.2O- 

chord aileron and 0,0002 for the 0.15— chord aileron, 

^^Zll^vi^l^SiilS^^Xx."" ^ Reynolds number effect was found 
to exist at lov; angles of attack and further investigation 
v;as made over the available Reynolds number range 
(3,200,000 to 9,000,000). Figures 34 to 36 present Ac^», 
tCy^\ and AP/q against Reynolds number. At small an- 
gles of attack, increasing Reynolds number results in a 
loss in Ac^ \ ^^h'» s.nd AP/ q. The magnitude of these 
effects of increasing Reynolds number is a function of d, 
increasing as d is increased, (See figs, 17 and 18,) 
At angles of attack beyond the low— drag range (greater 
thcin 2^ and less than —1°), the Reynolds nur^ber effect was 
considerably reduced. Measurement of the airfoil boundary- 
layer profiles indicated that these Reynolds number effects 
were caused by a forward movement of the transition point, 
with the aileron deflected, due to increasing Reynolds num- 
ber. This forward movement of transition, resulting in a 
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thickening of the boundary layer at the "beginning of the 
pressure recovery, reduces the peak of the basic incremen- 
tal lift and results in a less cor.plete recovery, thus 
causing a decrease in effectiveness and AP/q, 

CONCLUSIONS • 



Results of the tests of aileron— prof ile variations 
to 0,2C— chord plain sealed— gap ailerons and 0,15— chord 
plain sealed— gap ailerons on the NACA 66,3-t-216 (a = 0,6) 
airfoil indicate the following conclusionst 

1, Thickening of the aileron profile results in a 
decrease in the aileron effectiveness, a decrease in the 
slope of the v/ing section lift curve, and p- decrease in 
the aileron hinge— moment coefficients. Thinning the pro- 
file has the opposite effect. The magnitude of the incre- 
ment or the decrement is proportional to and varies ap- 
proximately linearly vith the magnitude of the profile 
alteration. 

2, The effects of aileron profile are reduced as 
angle of attack is increased. At an angle of attack of 
12^, aileron profile has no effect on the aileron charac- 
teristics^ 

3, A linear relationship exists between the aileron 
hinge rxOTients and the aileron effectiveness. Any reduc- 
tion in hinge moments by profile alteration is accompanied 
by a corresponding decrease in effectiveness, 

4, Thickening the aileron profile causes an increase 
of 0,0004 in the minimum section profile-drag coefficient. 
Thinning the profile has no effect on minimum drag, 

5, V/hen the ailerons of a typical pursuit airplane 
are designed for a given control force for a large rate 
of roll at high speed, the ailerons with thickened pr,o— 
files have a greater stick force for full deflection at 
low speeds than the normal or thinned profiles. Thicken- 
ing the aileron profile results in a more nearly linear 
variation of stick force with rate -of roll at high speeds, 
provided the internal— balance choird is decreased to main- 
tain the same r.aximum stick force, 

6t V/hen designed for the same high-speed stick force 
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for a large rate of roj.l., ailerons of 0,,20 chord are 
preferable to ailerons 0/ O^ib chord of the sane span. 
Because of the greater ei^f ec t i vene s c of the larger chord 
ailerons, a nore nc.arl^ lin<^ar variation of stick foi-ce 
with rate of roll at high speed can "he attained than is 
possible v/ith the C,. 15— cnord ailerons^ 



Ames Aeronautical Laborat or;,; ^ 

iTationa,! Ac'.visory Gorniittee for Aeronautics, 
Koffett Pield^ Calif. 
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lAELE I,- ITAOA 6t:,2~';lo (a = 0.6) AIUJ'OIL 
[Statims and ordinabes are gi-ven in 
percent of ■'•i-.e axr?. oil cho;. 6.] 
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TABLE II.- ORIPICE LOCATIONS OH ¥ACA 65,2-216 AIBJ^CIL 



[Orifics location:-, on upper Eiid iov;er s'tirface of 
airfoil in ijercent of airfoil chord frca leading edge] 
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TABLE III.- AILERON OP.DIIATZS 



[stations given are wing stations and crdinates 
are in percent of the airfoil chord] 
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TABLE IV,- CEAEACG?ERISTICS C? TYPICAL PURSUIT ATHPLA-JiT, 



Arca,^ square f e o 'b « c . o , o c . p <. 275 

Span, feet . , . c o , o . * » o ^ o . « . . ^1 . 5 

Aspect raMo « o c . o ^ o . o , o ^ f . 23 

Taperratio^ ;> » *> • • «? • • • " « ^ *• • • • 3«1 

Section ....... o ...... . ,nLOk 66^2-216 

(a = 0,6) 
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Span , . c . ""-on 0,5 senispan to tip 

Chord , , . . « . . o . . . 0.2qc 

Deflection c... w ...» «... . ±15^ 

Airplane 

Vfin,- loading, pov.nds -oer square foot « . , . . 33,7 

Aileron differential o « . e • • • o o :» « 1^1 

Stick travel, inches o . . , . ^ ±8 
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Figure 1.- Profile variations on the 0.20-Chord, Sealed Gap, Plain Aileron. 
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Figure 2«- Profile variations on the 0.15-Chord, Sealed Gap, Plain Aileron. 
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Figure 5.- The NACA 66,2-216 (a = 0.5) airfoil equipped 
with the 0.20-chord plain aileron of normal profile. 
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Figure 16.- The effect of modifications of the aileron profile on the 

aileron effectiveness parameter, (^a/dS)^^ for an NACA 66,2-516 
(a=0.6) airfoil equipped with sealed gap ailerons. 
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Figure 19,- The effect of modifications of the aileron profile on the aileron effectiveness for an NACA ^ 
66,2-216 (a=0.6) airfoil equipped with a sealed gap, plain aileron. m 
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Figure 20.- The effect of modifications of the aileron profile on the aileron effectiveness for an NACA 
66,2-216 (a=0.6) airfoil equipped with a sealed gap, plain aileron. 
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Figure 21.- The influence of profile on aileron effectiveness as applied 

to a typical pursuit airplane, 0,20-chord, sealed gap ailerons*, 
equal up and down aileron deflection; assumed rigid wing and zero sideslip. 
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Figure 22.- The influence of profile on aileron effectiveness as applied to a typical pur- 
suit airplane, 0,15-chord, sealed gap ailerons; eqml up and down aileron de- 
flectioni assumed rigid wing and zero sideslip. 
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Figure 23.- The effect of modifications of the aileron profile on 

(dch/d6a)ao=0° f or sealed gap, plain ailerons on an NACA 
66,2-216 (a=0.6) airfoil. 
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FigTire 24.- The effect of modifications of the aileron profile on the total section hinge moment ^ 
coefficient due to ^15^ of aileron deflection for 0.20-chord, sealed gap, plain ailerons (m* 
on an NACA 65,2-215 (a^O.6) airfoil. 
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Figure 25.- The effect of modifications of the aileron profile on the total section hinge moment 

coefficient due to ±15^ of aileron deflection for 0,15-chord, sealed gap, plain 
ailerons on an NACA 66,2-216 (a^O.6) airfoil. 
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Figure 27.- The variation of hinge moment parameters with lift parameters for an MCA 66,2-216 (a=0.6) 
airfoil equipped with a 0.15-cnord, sealed gap, plain aileron. 



cm 




Fi^re 28.- The effect of modifications of the aileron profile on the 

aileron-control characteristics of a typical pursuit airplan 
equipped with 0.20-chord, sealed gap ailerons with 0.53ca internal nose 
balance at an indicated airspeed of 300 riiph. 
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Figure 29.- The effect of modifications of the aileron profile 

on the aileron^control characteristics of a typical 
pursuit airplane equipped with 0.20-chord, sealed gap ailerons 
with 0.53ca internal nose halance at an indicated airspeed of 
120 mph. 
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Figure 30.- The effect of modifications of the aileron profile on the aileron-control characteristics of a Jj? 

typical pursuit airplane equipped with 0.20-chord, sealed gap ailerons with sufficient internal ^ 
nose balance for a 30-pound, high-speed, stick force at a pb/ 2V of 0.08. = 300 mph. ^ 
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Figure 31.- The effect of modifications of the aileron profile on the aileron-control characteristics of 

a typical pursuit airplane equipped with 0.30-chord, sealed gap ailerons with sufficient 
internal nose balance for a 30-pound, high speed, stick force at a pb/?^ of 0.08. V^^ = 120 mph. 
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Figure 32.- The variation of total hinge moment coefficient with sec- 
tion lift coefficient increment for various 0.20-chord 
aileron profiles, showing the effect of aileron profile on the response 
factor (variation of c^ due to rolling). ao=0.0lo. 
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Figure 33.- The effect of aileron chord on the aileron-control characteristics 

of a typical pursuit airplane equipped with sealed gap ailerons 
with internal nose "balance. 
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Reynolds number 

Fi^re 35.- The effect of Reynolds number on the section aerodynamic charac teristicr. of an NACA 

6S,2-?.ln (a=0.6) airfoil equipped with 0.20-chord, sealed gap, plain ailerons of 
normal profile, ao - 4.140, 
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